observed. The different operative procedures were as follows: duodenoduodenostomy in 26; excision of the duodenal diaphragm and duodenoplasty in 12; Ladd's procedure, excision of the duodenal diaphragm, duodenoplasty, and appendectomy in four; Ladd's procedure, appendectomy, and duodenoduodenostomy in two; and duodenojejunostomy in seven. Two underwent reduction duodenoplasty to decrease the size of the duodenum. Three required reoperations, two because of an anastomotic leak and another because of duodenal dysfunction. Sixteen (31.4%) required total parenteral nutrition. Four died, resulting in an overall survival of 92.2%.
Conclusion CDO is classified as intrinsic and extrinsic depending on the cause. Rotational abnormalities including situs inversus are among the rare but interesting anomalies associated with intrinsic CDO. The presence of malrotation or nonrotation with congenital bands does not exclude the presence of an associated intrinsic cause, which should be looked for intraoperatively. This is to obviate the possibility of further subsequent operative treatment. Ann Pediatr Surg 9:61-64 c 2013 Annals of Pediatric Surgery.
Introduction
Congenital duodenal obstruction (CDO) is one of the relatively common congenital anomalies with an estimated incidence of 1 : 3000 to 1 : 5000 live births [1, 2] . Over the years, the prognosis of infants and children with CDO has improved markedly, but several factors still continue to affect the overall outcome including prematurity, a high incidence of associated anomalies, and reoperations [1] [2] [3] [4] [5] [6] . The clinical presentation of CDO is variable depending on the site, the type of obstruction, and the presence of associated anomalies. In the majority of cases, the site of obstruction is postampullary, and there is a high association with Down's syndrome. This study is an evaluation of our experience with 51 patients with CDO, stressing on the importance of associated rotational abnormalities of the gut.
Patients and methods
Over a period of 18 years (January 1993-December 2011), a total of 51 patients with intrinsic CDO were treated at our hospital. Their medical records were reviewed retrospectively for age at diagnosis, sex, gestation, birth weight, history of polyhydramnios, presentation, associated anomalies, method of diagnosis, type of treatment, and outcome.
Results
A total of 51 infants and children with intrinsic CDO were treated at our hospital. There were 27 boys and 24 girls. Their birth weight ranged from 1.38 to 3.8 kg (mean 2.3 kg). Sixteen (31.4%) of them were premature. The mean maternal age was 25 years (range 18-40 year). All patients presented at or were referred to our hospital within 2 weeks of life, except seven, who presented at 5 months, 18 days, 3.5 years, 1.8 years, 1.5 years, 18 days, and 2 months of age, respectively. All seven had a duodenal diaphragm with a hole, which was the reason for the delayed presentation, except one, who had duodenal atresia. Three of them presented late, with complete duodenal obstruction after eating dates with their seeds, which resulted in occlusion of the hole in the duodenal diaphragm. The remaining patients presented with bilestained vomiting. Upper abdominal distension was seen in 25 (49%) of them and polyhydramnios was reported in 18 (35.3%). Intraoperatively, the site of duodenal obstruction was postampullary in all of them. Associated anomalies were seen in 34 (66.7%) of them (Table 1) .
Sixteen had Down's syndrome (31.4%) and 12 (23.5%) had congenital heart disease. Nine (17.6%) had rotational abnormalities of the gut, including two with situs inversus. These two patients presented with bile-stained vomiting immediately after birth, and abdominal radiographs showed the classic double-bubble sign, but the stomach was on the right side ( Fig. 1 ). The diagnosis of situs inversus was confirmed by a preoperative abdominal ultrasound. Echocardiography was normal in one patient, and in the other, there were features of Fallot's tetralogy. Intraoperatively, one had duodenal atresia with a gap, whereas the other had a duodenal diaphragm (Fig. 2 ). In the remaining seven patients, the diagnosis of associated malrotation was made intraoperatively. Five had malrotation and two had nonrotation of the bowel with Ladd's bands; however, in addition, they had intrinsic duodenal obstruction, which was diagnosed intraoperatively. Three of them had duodenal atresia and four had a duodenal diaphragm with a hole. Interestingly, two of our patients had congenital pyloric atresia associated with duodenal atresia in the fourth part of the duodenum. This resulted in a closed duodenal loop with pyloric atresia at one end and duodenal atresia at the other end, with accumulation of biliary and pancreatic secretions. This in turn resulted in duodenal perforation in one of them. In both, the diagnosis of associated duodenal atresia was made intraoperatively. One of our patients had dysmorphic features, esophageal atresia with tracheoesophageal fistula, and hydronephrosis. Intraoperatively, this patient had duodenal atresia, an annular pancreas, and a preduodenal portal vein.
All patients were operated upon, and intraoperatively, the site of duodenal obstruction was located in the second part of duodenum in 48 (94%) of them. In two, the site of obstruction was in the fourth part of duodenum, whereas in the third it was located in the third part of duodenum. The cause of obstruction was duodenal diaphragm in 20 (39.2%), duodenal stenosis in 11 (21.6%), and duodenal atresia in 20 (39.2%). Duodenal atresia was without a gap Plain abdominal radiograph showing duodenal obstruction in a patient with situs inversus. Note the reversed double-bubble sign and the absence of gas distally. Clinical intraoperative photograph of a patient with situs inversus and congenital duodenal obstruction. Note the liver on the left side and the stomach and dilated duodenum on the right side.
in eight (15.7%) patients and with a gap in 12 (23.5%). In 14 (27.5%) patients, an annular pancreas was observed. This was associated with intrinsic duodenal obstruction in the form of duodenal atresia in six and duodenal stenosis in eight. The different operative procedures performed are shown in Table 2 . Duodenoduodenostomy was performed in 26 patients; excision of the duodenal diaphragm and duodenoplasty in 12; Ladd's procedure, excision of the duodenal diaphragm, duodenoplasty, and appendectomy in four; Ladd's procedure, appendectomy, and duodenoduodenostomy in two; and duodenojejunostomy in seven. Gastrostomy was performed in four patients, and a transanastomotic tube was used in six. Both these procedures were used initially in the series. Subsequently, none of our patients had gastrostomy or the use of a transanastomotic feeding tube as a part of their operative management. Sixteen (31.4%) required total parenteral nutrition. Two patients underwent reduction duodenoplasty to decrease the size of the duodenum. Three patients required reoperations, two because of an anastomotic leak and another because of duodenal dysfunction. The patient with duodenal dysfunction underwent reduction duodenoplasty and subsequently had a good outcome. Four patients died, resulting in an overall survival of 92.2%. In all four patients, associated anomalies and sepsis were the causes of death.
Discussion
CDO is one of the common congenital anomalies. The exact incidence of CDO in Saudi Arabia is not known. The Maternity and Children Hospital is the main referral hospital in the Eastern Province of Saudi Arabia, with an annual delivery rate of about 10 000-12 000. This gives an estimated incidence of CDO of about 1 : 4000 live births, which is similar to that reported internationally [1] [2] [3] . CDO is classified as extrinsic and intrinsic depending on its cause. Extrinsic causes include malrotation with Ladd's bands, a duplication cyst, an annular pancreas, and a preduodenal portal vein. Although annular pancreas is classified as an extrinsic cause of CDO, all our patients with an annular pancreas had an underlying intrinsic cause for the obstruction. There was associated duodenal stenosis in eight patients and atresia in five. Intrinsic causes for CDO include atresia, stenosis, and a duodenal diaphragm with or without a hole. It is this group of patients with a duodenal diaphragm who can remain asymptomatic to present subsequently at an older age or even during adulthood [7, 8] . Three of our patients with a duodenal diaphragm presented beyond 1 year of age with complete duodenal obstruction as a result of seeds occluding the hole in the duodenal diaphragm. It is also interesting to note that in all our patients the obstruction was postampullary, and the majority (40%) had a duodenal diaphragm. An interesting report from Taiwan showed racial differences in the clinical characteristics of CDO as their patients had lower incidence of postampullary obstruction and lower incidence of associated Down's syndrome [6] . This is in contrast to our report and reports from Western countries where, in the majority, the site of obstruction is postampullary and associated Down's syndrome was observed in 30-50% of patients [1] [2] [3] [4] . There is an association between the incidence of Down's syndrome and maternal age. The incidence of Down's syndrome in our series was 31.4%, which is lower than that reported by Akhtar and Guiney, and the reason for this is the higher proportion of younger mothers in our series when compared with that reported by Akhtar and Guiney [2] . The association of Down's syndrome negatively impacts the management and outcome of patients with CDO [9, 10] . Another interesting association in our series was that of CDO with rotational abnormalities of the intestines. In nine (17.6%) of our patients there was an associated rotational abnormality of the intestines. Five had malrotation, two had nonrotation with Ladd's bands, and two had associated situs inversus; these two, in addition, had intrinsic duodenal obstruction, which was diagnosed intraoperatively. Situs inversus is extremely rare and is commonly associated with other cardiac and splenic malformations [11] [12] [13] . The diagnosis CDO in the presence of situs inversus can be made on the basis of plain erect abdominal radiographs that show reversed double-bubble signs. However, the diagnosis can be confirmed by barium meal and follow through. The presence of malrotation or nonrotation of the intestines with congenital bands should not exclude the possibility of an associated intrinsic CDO, which should be looked for intraoperatively after Ladd's procedure. This is to obviate the possibility of further subsequent operative therapy. We advocate the addition of an appendectomy to the operative procedures in these patients. This should simplify their future management in case they present with acute abdomen as the possibility of acute appendicitis and confusion associated with it because of its abnormal location are eliminated.
There are reports of successful endoscopic treatment of duodenal diaphragms, but the treatment for CDO is surgical correction, whether this is done through the standard upper abdominal transverse incision, umbilical crease incision, or the more recently developed laparoscopic technique [14] [15] [16] [17] [18] . Simple duodenoduodenostomy is the treatment of choice. Kimura et al. [19] , in 1977, described the diamond-shaped duodenoduodenostomy, which was reported to be superior to simple duodenoduodenostomy in term of early tolerance to feeds. The use of transanastomotic tubes in CDO is still controversial. Recently, there was a report favoring the use of transanastomotic tubes as it shortens the time to full feeds and significantly reduces the need for central venous catheters and total parenteral nutrition [20] . We do not use transanastomotic tubes as our initial experience with them in six patients was not favorable. They tend to recoil and cause anastomotic disruption. For those with a duodenal diaphragm, treatment involves excision of the diaphragm and duodenoplasty. Care should be taken because of the close proximity of the diaphragm to the ampulla of Vater, and if in doubt, a duodenoduodenostomy is an alternative procedure that can be used. Duodenojejunostomy should be avoided as a procedure to treat CDO. It is less physiological than duodenoduodenostomy and is associated with more complications, but it is a suitable procedure if the obstruction site is in the third or fourth parts of the duodenum. To obviate postoperative functional duodenal obstruction, we advocate reduction duodenoplasty as an initial procedure in those with a megaduodenum. With the recent advances in minimal invasive surgery, laparoscopy, which has been shown to be safe and effective, is likely to become the standard treatment for CDO [17, 18] .
Conclusion
CDO is one of the common causes of intestinal obstruction in infants and children and continues to present unique management challenges. Rotational abnormalities of the gut including situs inversus are among the rare but interesting anomalies associated with intrinsic congenital duodenal obstruction. The presence of malrotation with congenital bands and congenital duodenal obstruction does not exclude the possibility of an associated intrinsic cause, which should be looked for intraoperatively.
